We present an interesting case of a patient with erectile dysfunction (ED) and testosterone deficiency (TD) who was treated with testosterone supplementation therapy (TST) in combination with sildenafil for 45 months. The patient continued to respond well even after the discontinuation of sildenafil for 8 months. Major side effects and complications were not reported at the long-term follow-up.
, using a Roche electrogenerated chemiluminescence method, baseline: 2.8-8.0 ng ml 21 (9.72-27.88 nmol l
21
); ng ml 21 33.475nmol l 21 ). He was concerned about his ED because he had a normal libido. He was diagnosed with late-onset hypogonadism. He had normal blood glucose and triglyceride levels, no other endocrine diseases, such as thyroid or adrenal disease, normal liver and kidney function, and normal testicular size and reported no smoking or alcohol consumption.
In February 2008, he began treatment with TST as follows: testosterone (testosterone undecanoate) at 80 mg b.i.d. p.o. for the first 2 weeks, which was changed to 40 mg b.i.d. p.o. thereafter. TT increased to normal levels (3.45 ng ml 21 ) after 2 months of treatment. His physical power was markedly improved, but there was no significant improvement in sexual function. Therefore, we prescribed a PDE5i (sildenafil 100 mg or tadalafil 20 mg) on demand for use in combination with TST. The PDE5i appeared to be effective. His IIEF-5 score was 22, and his sexual function was satisfactory. The combined medication (PDE5i: sildenafil 100 mg or tadalafil 20 mg on demand and testosterone undecanoate) continued for 45 months (January 2012), after which it was reduced to testosterone alone for 8 months (September 2012, at the nearest 3 months, with a change to 40 mg p.o.). His IIEF-5 score remained steady at 22, and his sexual function remained satisfactory. His testosterone and prostate-specific antigen (PSA) levels and standard blood tests were regularly monitored ( Table 1) .
Questionnaires have previously been administered to 3369 ED patients (aged 40-79 years) at eight medical centres in Europe. Serum testosterone was measured in the morning, and free testosterone was calculated by Vermeulen's formula. The results showed a significant correlation between ED and low testosterone.
1 Therefore, ED is one of the main symptoms of TD.
Cyclic guanosine 39,59-monophosphate (cGMP) can relax smooth muscle, causing venous congestion in the cavernosum and making the penis erect. When transformed into guanosine monophosphate (GMP), cGMP will not produce an erection. The enzyme PDE5 helps to transform cGMP into GMP. Thus, PDE5i can block the metabolism of cGMP and promote penile erection by suppressing the effect of PDE5. PDE5i are currently considered the first-line therapy for ED. However, the representative PDE5i, sildenafil and tadalafil, showed no efficacy in this case. There are also reports that single-agent PDE5i have negative effects on ED in patients with TD. 2 PDE5 expression in the corpus cavernosum undergoes a compensatory decrease in response to a low androgen level, and in castrated animals, PDE5 expression is downregulated. 3 Moreover, TD can also induce a decrease in cavernosum smooth muscle cells as well as fibrous tissue hyperplasia and fat deposition. However, PDE5i act directly on the cavernosum smooth muscle, which may be the reason for the ineffectiveness of PDE5 inhibitors in treating ED with TD. The data suggest that the threshold level of testosterone for an optimal response to PDE5i is 3 ng ml 21 for TT and 52 pg ml 21 (180 pmol l 21 ) for cFT. 4 It is therefore recommended to measure testosterone in cases of PDE5i failure if not previously performed. If a single-agent PDE5i is not successful in treating ED with TD, combining it with testosterone may give a satisfactory result after first correcting the TD. 5 In this case, PDE5i did not work until the testosterone had increased to normal levels following TST for two months, as has been previously reported. 2 After this patient had taken combined medication (PDE5i and testosterone undecanoate) for nearly 4 years, he achieved completely satisfactory sexual intercourse using only a single dose of testosterone and no PDE5i for 8 months. The exact reason for this change is unclear, but the result suggests that at least some types of ED are caused by TD. This may be associated with the improvement in the penile vascular endothelium induced by long-term TST. Erectile function can be improved by improving corpus cavernosum smooth muscle relaxation and the venous occlusion function. 6 There is also some preliminary experimental animal evidence suggesting that T may regulate nitric oxide-mediated vasodilation in ex vivo penile vasculature. Combined treatment (PDE5i on demand and testosterone) appeared to be a reasonable choice, but Spitzer et al. 7 has reported the opposite result: sildenafil plus testosterone was not superior to sildenafil plus placebo in improving ED with low testosterone. However, Spitzer et al. did not evaluate whether testosterone could improve erectile function without sildenafil in ED with TD. Although further large-sample studies are needed to determine the effect of combination medication on ED with TD, there is an increasing tendency to consider T treatment, particularly in patients unresponsive to PDE5is.
Testosterone influences many systems and organs of the body, including erythropoiesis, liver function and prostate function. During long-term TST, important side effects such as liver function damage and benign prostate hyperplasia may occur. 8 Although most researchers believe that androgens and prostate cancer are closely related, there is no evidence demonstrating that TST increases the risk of prostate cancer or benign prostate hyperplasia or that it induces the progression of subclinical prostate cancer to clinical prostate cancer. 9 However, clinical attention should be paid to the possibility. Before recommending TST in middle-aged patients, we should first assess prostate function. In cases of suspected prostate cancer, examinations such as the PSA test, transrectal ultrasound and digital rectal examination should be performed to exclude the possibility of prostate cancer; prostate biopsy should be performed for diagnosis if necessary. For this patient, prostate cancer was excluded by PSA levels and a digital rectal examination. The patient took oral testosterone for 54 months, with no significant effects on the periodically measured PSA or hemoglobin, with tadalafil 20 mg on demand at the same time. At this point, the application appears to be reliable.
A lack of testosterone can often cause hyposexuality, erectile dysfunction and/or ejaculatory dysfunction. TST can greatly improve these symptoms 10 and improve erectile function by affecting corpus cavernosum smooth muscle relaxation and venous occlusion function. Long-term TST not only improved sexual function but also markedly improved TD symptoms (such as physical power, unstable emotions, anxiety, and irritability). It may be beneficial to treat ED with TD in additional cases of long-term TST to verify the results found in this instance.
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